Oscillatory tension differentially modulates matrix metabolism and cytoskeletal organization in chondrocytes and fibrochondrocytes.
Several modes of mechanical stimulation, including compression, shear, and hydrostatic pressure, have been shown to modulate chondrocyte matrix synthesis, but the effects of mechanical tension have not been widely explored. Since articular cartilage is primarily loaded in compression, tension is not generally viewed as a major contributor to the stress state of healthy tissue. However, injury or attempted repair may cause tension to become more significant. Additionally, fibrocartilaginous tissues experience significant tensile stresses in their normal mechanical environment. In this study we investigated mechanical tension as a means to modulate matrix synthesis and cytoskeletal organization in bovine articular chondrocytes and meniscal fibrochondrocytes (MFCs) in a three-dimensional fibrin construct culture system. Oscillatory tension was applied to constructs at 1.0 Hz and 0-10% displacement variation using a custom device. For nearly all conditions and both cell types, oscillatory tension inhibited matrix synthesis as indicated by 3H-proline and 35S-sulfate incorporation. Additionally, oscillatory tension significantly increased proliferation by chondrocytes but not MFCs. Confocal imaging revealed that all cells initially displayed a rounded morphology, but over time MFCs spontaneously developed a three-dimensional, stellate morphology with numerous projections containing organized cytoskeletal filaments. Interestingly, while unloaded chondrocytes remained rounded, chondrocytes subjected to oscillatory tension developed a similar stellate morphology. Both the biochemical and morphological results of this study have important implications for successfully developing cartilage and fibrocartilage tissue replacements and repair strategies.